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WORK COMPLETED

During the second gquarterly reporting period the following tasks

were completed:

Fourth Month

1.

AW

Literature dealing with operational environment (illumina-
tion, noise, temperature and vibration) continued to te
sougnt and acquired. Fourteen new documents were re-
quested and at the end of the month 12 had been received.
The literature of lighting contains much conflict which
does not seem to ve resolved by research. This is not
the case with glare, however, where much more agreement
exlsts.

Literature dealing with safety was sought and ordered.
Sixteen documents were requested and at the end of the
month eight were received. Some overlap with the litera-
ture of operational environment was expected and did in
ffact occur.

Man's Capablility--Weight Lifting. The literature deal-
ing with this topic was not plentliful as only about

eight good pupnlications had been found. fost of these
dealt with a relatively static sltuation involving a
vertical 1lift. It was hoped that more literature would
be found tc deal with certain dynamic variables gsuch as
welght carrying over a dlistance and weight 1lifting at

different angles of arms and leg flexion.




Control & Display. There was a myriad of literature
dealing with thils broad area. Many publicatlons were
ordered or requested through the library solely on the
basls of thelr titles in hopes that their contents
would be pertinent and useful. A casual perusal of
;he publications acquired so far indicated that most
¢f them were useful although trere were certain incon-

sistencies in findings.

The following speclific areas dealing with control and
display were found to have satisfactory substantliating
data: control metion stereotype, control design, control
sevarabllity, and control actuation. A new l1list of ccn-
trol and display references accompanied the fourth
monthily progress report.

Decision Making. Most of the literature found was of

a theoretical nature which was not judged to be useful.
It was hoped that publlications ylelding more concrete
data would be found. Literature search in this area

was continuing.

Nine more responses to the letter of sollcitation were
received. This raised the response percentage to =3
with a total of 36 documents actually in hand.

The NASA Contract Menitor (MSFC-P&VE) and a rerresenta-
tive of NASA MSFC-Astrionics visited both the Huntington

Beach and Long Beach facilities to confer with the staff
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employed in specific situations. In general, they are
unsupported by empirical data but do have rather strong
face validity. Conslderavle overlap is observed with
the literature of clothing when considering protective
garments.

Much of the literature acquired in the area of clothilng
proved to oe of limited utllity to this project since
it dealt for the most part with clothing used in high
altitude flylng or space travel. /

Newly acquired publications 1in the area of Méintaina—
pillty were examlned and integrated 1nto the draft of
maintainaonility chapter.

Letters of inquiry were sent to researchers actilive 1n
the field of dynamic anthropometry. Anthropometry items
which seem appropriate for the workspace chapter were

set aslde.

#0nK _UNDERWAY

During the second quarterly reporting period the following work

was underway:

Fourth

Month

]

T

Print-out cards from the computer search continued to be
examined as emphaslis in the work moved from cne topic
area to another in keeping witnin the Milest;ne Schedule.
Although the search for literature contlinued, more ef-

fort was veing devcected to reviewing and aosiracting



of the project. The possible need for further claritfica-

tion of the obreadth and depth of each of the nine major
areas cf the study was discussed. Recommendations regard-
ing this discussion were anticipated from MSFC personnel.
Another topic of discussion was the need for assistance

in obtaining materials from some contractors.

Fifth Month

1.

ne

The accumulation and review of literature for the anthro-
pometry bioliography was continued. Literature that was
not immediately avallable was ordered. Two letters were
sent to workers In the field of dynamic anthropometry
seeking their more recent findings and leads to other
workers and studles. A list of the addrecses accompanied
the fif{th monthly procgress report.

The search for literature in weight-1ift capacity (Man's
Capability) was approximately 75% complete. When litera-
ture on order is recelved, the search will be considered
complete. In general, data are guite ambiguous since

too many variables are invoived.

The search for literature in decision processes ylelded
an additicnal fifteen references. Most of these were
theoretical in nature.

The search for’literature dealing with safety continued.
Seven titles were obtained during the month‘é%d another
18 were on order. Much of the safety literature obtained

overlapped with the areas of operational environment and



clothing. The literature tended to be surveys of
practices and accldent repcerts with suggested remedies.
Literature on c¢lothing was also sought. This litera-
ture dealt not only with garments themselves but with
heat, ¢old and moisture resistant textiles. GCarment
dimensions were treated in some instances. Six titles
were 1n hand while 15 more were on order.

Back-orders of llterature on operational environment
continued to arrive. Ten publications were received
while an additional 44 remained on order. The litera-
ture recelved was not concentrated in any one area and
inciuded illumination, nocise, temperature and vibration.
One responsc to the letters of solicitation was received
during the month leaving the response percentage virtually

unchanged.

cth Month

1.

Previously ordered literature on operational environment
continued to arrive. Vibration and temperature-humidity
were represented but the tulk of the materials dealt
with 1llumination and nolse. More agreement on the ef-
fects of various noise levels was encountered than was
ftrue in the literature treating lighting requirements.
Opinions and data interpretations of researchers in the
latter area were often in direct conflict.

.

The search for safety literature continued. Materials

rccelved are largely statements of procedures to be
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materlals that were already in-hand. These abstracts
were belng accumulated until there were a sufficient
number to begin Integrating them into a rough drafst.

Responses to the letter of solicltation continued to be

received. In some instances the responses included

names of persons belleved to be sources of pertinent
materials. These ;ersons were then contacted by letter.
A 1ist of names received in October accompanied the
fourth monthly progress report.

Some first efforts to clarify and describe the content
and limits cf the majJor areas had begun. It was not

expected that this would achieve Iruition until con-

ferring further with MSFC personnel, however.

Fifth Month

1.

e

i)

Print-out cards from the computer search continued to
be examined for leads in the literature of all the
areas. It was expected that this activity would ter-
minate during the month of December.

Literature was being acquired and reviewed in all of
the areas. If pertinent, it was abstracted and added
tc the appropriate bibllography. Time spent in locat-
ing and ébtaining literature still exceeded time spent
in reviewing and avbstracting it, however.

More eflfort was veing given to producing a written
rationale for each area as well as a descrintion of its
contents. rafts of this work were expected to ve in-

cluded in tlhe second quarterly renort.



4. Effort was being resumed on controis and dfspiays.
'nis work hrad ceased temporarily wnile etiort was ex-
pended on acquiring iiterature on man's capabliity

and decislon processes.

Sixth Month

1. The literature review, including acquisition efforts,
1s continulng in all of the major areas. As in the
past the cocntrols and displays area remeins the richest
in publications in hend and on order.

<. Arstracts cf pertinent literature continue to be pre-
pured and/or collected in rcproducivle form. It is
anticlpated that coples c¢f these srstracts will accom-

pany the next monthly progress report.

K

2. Bibliography of material pertinent to the chapter on
man's capabllity is being accumulated preparatcory to
the 1nitlal investigation of that literature.

4. Brief descriptions of the content areas cmtalned in

€ach section are peing drafted. Some limited amount

of rationale is being inciuded as well. First drafts

of thils work accompany this report.

WOKEK, 'PROBLEMS ANTICIPATED

Fourth Month

As mentioned earlier, additional attentlion is veing given
to the descriptlons of each of the nine major areas of the

study's organization. Achleving the breadth and depth



- ' necessary for comprehensive treatments of these areas will
be difficult because of the great quantities of literature
to te reviewed by a limited numoer of personnel. Further,
as much, or more, time is required to locate material as is

- required to review it for pertinency and abstract it. De-
c¢lsions, therefore, will provavly have to be made in the
near future regarding the limits or cut-off points for the

various areas.

\ Fifth Month

As described 1n the two preceding sections of this report,
steady progress ls velng made iIn locating, obtaining and ab-

3 stracting pertinent literature in all of the various areas.

‘ The timé spent 1n acquiring and reviewing literature (some
of which 1is found to be of little value when examined closely)

- remains a problem because of the very bulk of literature and

the limited number of personnel.

olxth Month
Progress has been steady in lccating, obtaining and review-
ing literature in all areas. Information collected 1is
[\ more actundant in some areas than others. This is due to
a pauclty of specific pertinent literature in some cases
but more often reflects the need for additional help in
the literature search. It 1s hoped that a meeting,between

NASA personnel and the Project 3Stafi can be arranged soon
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R SAFETY
Safety conslderations permeate almost all of man's {ndustrial
activities and in the brcadest sense trhney are present in all
. sections of this document. The chapters on Clothing, Main-
tenance and Operational Environment, in particular, contain

many examples of this wildesovread vermeation. This chaptern

will deal more specifically with those practices, procedures

and devices which are employed to vrotect polh personncel and

- s s

equipment I'rom accidents and injury.
The basic prilosophy of a safety program is cne of asclient

anticipation and preventlon. This involves a carelful assess-

- ment of the hazirds innerent in given situatlions and the avall-
able means of negating or reducing them. The design englineer
therefore necds to incorporate &s many of Lhese means into his
degign as 1s possible and where tirude-offs are unavoidatle,

procedures which minimize hagards shou.d be developed conzsur-

rentiy with the equipment desipgn itsoifl.

Some of the salely meacures contalned in this chaplier are SUp-
vorted oniy oy thelr face validity wiiile others have cuopirical
Support from accident Invesvigations. The subject matter ranges
from the complex safety proccdurco--inelud.ng spevclal sulety
cquivment--to tne simuier renedies ol providing raiiings for

WOPrk areas at nigh eleveations.
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ANTHROPOMETRY

Anthroporetry deals with the measurement of tne huren tody; the

fleld 1s divided into & numver of suosreclalities. For thnis

[}

document the compurative studies will te Igncered uniess Lhey
provide deta on United states populations deemed cimllar teo the
pcpulation of space vehilcle crews and ground sunport tcvnnicians.

The bulk of recdily avallatie data falis In the class c¢f statlic
anthroprometry. These are measurements cf the standing
suvjects. Many of the dimensiors cvtained are cf low utility to
the design cnglinecr. 4n attempl wlll be made to present those

. 3 " (038

dimensions reievent to the anticipated design previems of launch

vehicles and ground suppoert equipnent.

There are relatlively few studics c¢f the human action. A3

[
o

Rewland sc aptly stated, when the vody moves, limps, tiosucs,

and gezrments thrash, flall, flap and riutter complicating the
propblems of the designer. NMeasurements ootalined under dynamic

&)

conditicns tend te vetter Uit the needs of designers than ex-

trapolations frem static pmeasucenents as they include the actual
range cf mevements (often non-llnear) rather than tne expecied

linear mevements.

Certain techniques cof measurcrent may Introduce tias Into the

measurenents. This is

rticularly true of photogravhic measure-

ments which may Introduce consideracle distortion by parzilax.



MAN'S CAPABILIIY

The inclusion of man In & sysgtem places a rcquirement on the

63}

designer to provide inputs Co the man in such a form as i
readily perceived. Likewise, control and intut devices should
requlre responses that man 1s easily capable of, in te:ms not
only of physical and cognitive processes vut also latency of

respeonse and frequency cof resvonding.

N

The chopter will cover the literature regcarding the sensory

-4 20

dizeriminational acllitles of men in terms of thresholds, Just

[

1P . ey o T \ e N PN B o FLI T vy
actlceaple differences (ind), and cptimal ranges o stimulation.

oprecial emphasisc will pe placed on the visual and auditory

byt

modalitles irasmuch as t

93]

icse are the nost frequerntly employed.

The capabllities of man to 1lift, pull and otherwise manipulate

objects will be ccvered.

Just as mman is capavle of belng overtaxed in a

nhysical sense,

r-
..

SO 4dls

O

can he bLe overloaded In cognitive functions. Data pro-
cessing abllity varics wiith conditions--rate of presentatlion,

number of cavegorlies, and discriminatabllity of the catugerles.
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aintainatllity Philosophy and Rationale

;kg term maintainabllity seems to be somewhat 1ike virtue in
thét it means dift'erent things to different people. There are
certaln areas of agreement such as a close relationshlp to relia-

bility and a major cost factor in systems operations.

Chapanis and Cook (1963) offer the following definition:
"Maintalnability 1s the degree of facility with
which an equipment or system 1s capable of being
retained in, or restored to, serviceable opera-
tion. It 18 a function of parts accessibility;
internal configuration; use and repair environ-
ment; and the time, tools, and training required

to effect maintenance." (p. 367)

The goals of maintainability seem to be two-fold (a) to increase
the amount of time a system is available for its intended func-
tion, (b) to affect reductions in the cost of systems operations.
In essence, goal (a) infers the increase of reliabllity with the
implication that improved component and sub-assembly reliabilities
will reduce the need for maintainability considerations. Goal (b)
likewise promises lowered operational costs as reliability is in-

creased.,

t can be argued that maintainability 1s primarily a synonym for
repairabllity. However, the maintenance of equipment involves
more than the repair of faulty components. The functions of

testing, preventative maintenance and trouble-shooting are also
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included in maintainability. Factors which promote repairability
may also make for ease of preventatlve maintenance of the unit
but may not inprove testing and trouble-shooting tasks. Thus

the designer must consider both aspects in determining the final

blend of components and configuratlons,

Designing for maintainability, like design for any other attri-
bute, 1s most successful when criteria are incorporated in the
earliest stages of planning. To successfully design for main-
tainatility it is necessary to have Informatlon on the follow-
ing:
1. Operational equipment similar to the proposed design.
IListings of maintenance features incorporated and main-
tenance problems arising during usage are especlally

needed.

2. Famillarity with the function of the eaquipment in the
entire system as well as its speciflc location In terms
of access, structural restrictions and environmental

conditions.

3. Determine what equipment being used to test and service
related equipment 1s sultable, with or without,adapta-

tion to the current design.

4, Find out what types of maintenance men will be avalla-
ble for the task. Prepare 1lists of the skllls they

must possess.
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5. The work and storage areas that can be used for the
equipment and support gear. Also what supply facilitles

are available to provide spare parts.

6. The level of maintenance that will be performed in loca-

tion, in shop, and rear echelon repair.

The ever growing body of maintainability criteria, guldellines
and rules has been developed largely through insight, sugges-
tions of maintenance personnel, and study of failure reports of
existing systems. Few systematic studies of variahbles influenc-
ing maintainability have been conducted (Rigney & Hoffman, 1962)
and the bulk of those have tested elther training procedures or

a specialized plece of testing equipment.

Most malntainabllity criteria seem to have been develcped to
cope with expected or existing problems., The geneology of such
criteria is usually obvscured and impossitle to trace. The true
value of these rules can not readily be ascertained, tut all do
have high face validity in that they seem highly reasonable

solutions to the problem,



w

OPZBATICNAL ENVIGONMENT

The performance of an cperateor of a mechnine lg affected not only
by the design of the machine iteell, wut also by the environment:

.

situation in wh tine ope.ator must work. certain conditlons
are detrimental to human rerformance winlle others tend to opti-
mize 1t. The importance ¢l these conditions--whether they ve

senerated vy the system or are indepeandent of 1t--vas ceen noled

repeatedly. Most recently McFarliand and Telcnner (. ) stated:

The environment in which a man operaltes a
mucnine must ve included as a consideration
in the design of the man-maciine system be-
cause the environmenteal conditlons can
seriously affcct nic rerfi.rmance. Indeed,
racnhines nave often falled to fulilll their
missions, not iecausge thuey were poorly de-
signed or wvadly consirucied, tut Lecauce

they demanded more of the overalor than was

[

rumanly rossible consldering the envircrnbent. (. 411)

Farly recognition of negatlive environmental conditions b tre de-

sner 1o nececsary so that counter measuresg can be included In

}.J.

S
tne design or oreratin, crocedures. Major conditlions to ve con-

sidered are temperature and humidity, nolse, vivration and iillu-

on.

=

minat



In addition t92 conditions crected vy or necessary for e machine
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, conslderation should e glven vo cornditions aliready In

existance ot Lile actua ylaee o operation, €.g., Loemperature

f—id
be
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and hwnidity o1 the locale,
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ssentl 5 section of

o

ily tn the document dealc witn obtalining an
crtimal, uniform perfoernence {rom men o, attending to his re-

quirements and limitations.
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